This article reviews the salient features of variants of endometrioid carcinoma (ECa) that can pose a diagnostic challenge and/or are associated with unique clinicopathological findings. Variants with distinct architectural and cytologic features include the following: (1) ECa with a villoglandular pattern (tumor with finger-like papillae lined by bland cells with a tendency for vascular/lymphatic invasion and lymph node metastasis once this pattern is seen within the myoinvasive component); (2) papillary ECa of intermediate grade (grade 2) (tumor that can be mistaken for serous carcinoma, as it contains papillae showing slightly irregular contours, moderately atypical cells, and it is associated with vascular/lymphatic invasion/lymph node metastasis, but with common association with mucinous metaplasia, MELF (microcystic, elongated, and fragmented) pattern of invasion, and wild p53 expression); (3) ECa with non-villous papillae (tumor containing pseudopapillae within glands with bland-appearing cytology commonly associated with abortive squamous differentiation and otherwise not different from usual ECa); (4) ECa with microglandular-like pattern (tumor that mimics microglandular hyperplasia of the cervix, often lacking the typical appearance of microglandular hyperplasia and showing Ki-67 index 410%, strong CD10 expression, and negative PAX-2, p63, and CD34); and (5) ECa with sex cord-like formations and hyalinization (tumor with interconnected cords and nests of bland epithelioid and spindled cells that merge with a typical component of low-grade ECa, usually associated with squamous differentiation and hyalinization). This tumor should be distinguished from carcinosarcoma and, in contrast to the latter, it shows nuclear β-catenin expression, ER/PR and patchy p16 positivity, tends to present at a low stage, and has a favorable prognosis and (6) dedifferentiated ECa (tumor showing a low-grade ECa juxtaposed to an undifferentiated carcinoma-the latter characterized by variably sized monotonous, often non-cohesive cells with brisk mitotic activity and usually arranged in sheets). Undifferentiated carcinoma tends to be negative for PAX8 and ER/PR with variable expression of keratins and can be associated with microsatellite instability (may be part of Lynch syndrome). Variants with distinct cytological features include the following: (1) ECa with clear cells (tumors with clearing due to 'clear' (glycogenated) squamous cells, distinct vacuoles, or not otherwise specified. EC with clear cells should be distinguished from clear cell carcinoma by the absence of the variety of architectural patterns, lack of cuboidal/flattened/hobnail cells, and lack of degree of atypia usually detected in clear cell carcinoma. In addition, they are ER/PR positive and Napsin A and p504S negative in contrast to clear cell carcinoma); (2) ECa with spindle cells (tumor with transition from spindle cells to the glandular component of a low-grade ECa. The spindle cells are keratin, ER/PR, and patchy p16 positive and show wild-type p53 expression); (3) ECa with mucinous differentiation (this tumor can be mistaken for a cervical adenocarcinoma, as they have overlapping features. Expression of ER/PR and vimentin in the context of a negative or patchy p16 positivity and the absence of high-risk HPV allows a correct diagnosis).
Endometrioid carcinoma (ECa) accounts for~80% of carcinomas arising in the endometrium. 1, 2 The recognition of its typical morphology and clinical significance are usually straightforward; however, morphological variants can represent a diagnostic challenge or be associated with more aggressive clinical course. These variants can be grouped into two broad categories. The first shows architectural and cytologic changes, and includes the following: (1) papillary tumors with either no or minimal cytologic atypia and those with moderate cytologic atypia; (2) tumors with a microglandular-like pattern; (3) tumors with a biphasic-like (carcinosarcoma-like) appearance; and (4) tumors displaying a combination of typical low-grade ECa and undifferentiated carcinoma (ie, dedifferentiated carcinoma). The second category comprises tumors with only cytologic changes and includes those with clear cells, spindle cells, and mucinous differentiation.
ECa of the Usual Type
ECa is typically composed of a proliferation of oval or round endometrial glands with a smooth inner contour that are lined by stratified or pseudostratified low columnar epithelium with basophilic, amphophilic, or lightly eosinophilic cytoplasm displaying nuclei that show preservation of their polarity. In addition, a variable amount of solid growth sometimes can be seen filling and distending glandular lumens, which contains cells that bear a resemblance to the cells lining the glands (Figure 1 ). According to the FIGO grading system, ECa is divided as follows: grade I, up to 5% of solid, non-squamous, component; grade II, 6-50% of solid, non-squamous, component; grade III, > 50% of solid, non-squamous, component 3 (Figure 2a-c) . The FIGO classification also considers that the presence of grade 3 nuclear atypia in the context of an architectural pattern grade I tumor should raise the grade by one; 3 however, from a practical standpoint, before making a diagnosis of an ECa, tumors with this feature should raise the possibility of a serous carcinoma glandular variant.
Tumors with architectural and cytologic changes

Papillary Tumors
ECa with a villoglandular pattern. This tumor is characterized by long, slender, finger-like papillae, containing a fibrovascular core and lined by columnar cells with no or mild cytologic atypia. The nuclei are vertically oriented in relation to the basement membrane and the surface of the papillary structures is smooth 4 (Figure 3a and b) . Its incidence has been reported to range from 13% to 31%. 4, 5 Most examples of this variant occur intermixed with a typical ECa (60%), whereas it occurs in its pure form in 40%. 5 Some investigators have found that the presence of a villoglandular pattern within the myoinvasive component of an ECa is associated with a higher frequency of vascular/lymphatic invasion and lymph node metastasis, as well as a worse outcome when compared with myoinvasive ECa, usual type 1.4 ( Figure 4a and b) . A similar experience has been found in our practice; however, the validity of these observations could not be confirmed in a large Gynecologic Oncology Group study. 5 This discrepancy could be related to differences in the methodology used in these two studies. 6 Papillary ECa of intermediate grade (Grade II) . This variant is not recognized in the current WHO classification; 2 however, its existence has been acknowledged by some investigators. 7, 8 It is characterized by papillary structures, with or without fibrovascular cores, lined by cells with moderate cytologic atypia (ie, nuclear pleomorphism and loss of nuclear polarity). The surface of the papillae is either smooth or slightly irregular (the latter appearance being one of the reasons for which it can be mistaken with serous carcinoma); in addition, mucinous metaplasia is usually noted (Figure 5a-c) . In our experience, this pattern tends to be associated with the MELF (microcystic, elongated, and fragmented) pattern of myometrial invasion, 8 which is characterized by angulated and/or fragmented glands typically with at least partial attenuation of the epithelial lining and often associated with a fibromyxoid response and aggregates of acute inflammatory cells (Figure 6a-b) . In some cases, only single and small cell clusters with abundant eosinophilic or vacuolated cytoplasm resembling histiocytes may be seen within the fibromyxoid stroma or areas of inflammation and can potentially be overlooked. The biological significance of the MELF pattern of invasion is still a matter of debate. One of the earliest studies found an association between this pattern and lymphovascular invasion but overall reported a more favorable patient outcome when present. 9 Another study confirmed that the MELF pattern of invasion was not an independent predictor of lymph node metastases. 10 However, other investigators have found an association between this pattern, lymphovascular invasion, as well as lymph node metastases. [11] [12] [13] [14] In our experience, papillary ECa of intermediate grade, with or without MELF pattern, tends to be associated with vascular/lymphatic invasion and lymph node metastasis. Other investigators have indicated that these tumors appear to have a behavior intermediate between serous carcinoma and ECa villoglandular variant. 7 Despite controversy, efforts should be made to identify the MELF pattern of invasion, as it is commonly associated with a deceptive pattern of vascular/lymphatic invasion, 11, 12, [15] [16] [17] which is characterized by single and clusters of cells that have a histiocytoid-like morphology. The same cells may be easily overlooked in the subcapsular sinuses of regional lymph nodes (Figure 6c and d) . Immunohistochemical studies may be needed to confirm the epithelial nature of these bland cell clusters. 16, 17 The distinction of papillary ECa of intermediate grade (grade 2) from serous carcinoma may represent a diagnostic challenge. Clinically, papillary ECa of intermediate grade may be seen in pre-or postmenopausal patients, while serous carcinoma tends to occur in postmenopausal patients. 18 Papillary ECa of intermediate grade shows moderate cytologic atypia but lacks high mitotic activity and numerous apoptotic bodies. In contrast, serous carcinoma typically has marked cytologic atypia (ie, marked nuclear pleomorphism and anisocytosis), numerous mitotic figures and conspicuous apoptosis. Although serous carcinoma may occasionally lack marked cytologic atypia, increased nuclear:cytoplasmic ratio and the last two histological features are always present. In addition, MELF pattern and mucinous metaplasia are absent in serous carcinoma. p53, p16, and Ki-67 are the most helpful immunohistochemical markers in this distinction. A wild-type pattern of p53 expression (ie p53 staining in scattered nuclei of tumor cells) is typical of papillary ECa of intermediate grade (Figure 7 ), while serous carcinoma is characterized by aberrant p53 expression (ie, 475% of the tumor nuclei strongly positive or complete lack of staining, ie, null case). Either patchy or absent p16 staining is seen in papillary ECa of intermediate grade, whereas it is usually diffusely positive in serous carcinoma. [18] [19] [20] Attention has to be paid to the fact that up to 50% of morphologically ambiguous endometrial carcinomas (ie, tumors with overlapping features of endometrioid and serous carcinoma) with p53 overexpression do not display strong and diffuse p16 staining. 18 Ki-67 shows a high proliferative index in serous carcinoma, which contrasts with a lower positivity in papillary ECa of intermediate grade. Other immunohistochemical stains that might be helpful include the following: (1) IMP2, which has been reported to be lost in at least 25% of tumor cells in low-grade ECa but not in serous carcinoma; (2) IMP3, which is expressed in~63% of serous carcinomas (strong and diffuse cytoplasmic expression), while only 3% of low-grade ECas show patchy/focal staining; (3) PTEN, which is lost in 30-50% of ECas and is typically retained in serous carcinomas; and (4) nuclear β-catenin staining is occasionally seen in low-grade ECa, whereas serous carcinoma shows membranous staining. 18 Of interest, ECas with a MELF pattern of myometrial invasion may be related to the concept of epithelial mesenchymal transition, as they tend to show greater expression of cytokeratins 7 and 19, cyclin D1, fascin, p16, and loss or reduced expression of ER and PR, galectin-3, CD147, Ki-67, and β-catenin when compared with the usual type of ECa. [21] [22] [23] [24] [25] [26] ECa with small non-villous papillae. This morphological variant of ECa shows pseudopapillae lacking fibrovascular cores projecting into gland lumens or extending from the surface of the finger-like papillae that characterize villoglandular ECa. These pseudopapillae are composed of rounded to polygonal cells with eosinophilic or amphophilic cytoplasm and mildly to moderately atypical nuclei. Abortive squamous differentiation is frequently seen (Figure  8a and b). Patients with this tumor have a similar prognosis to those with typical ECa. 27 
ECa with Microglandular-like Pattern
This variant of ECa, which typically occurs in postmenopausal patients (occasionally on hormone therapy), is characterized by a proliferation of small or medium sized, sometimes focally cystic, back-toback glands, lined by one or more layers of cuboidal, columnar, or flattened cells with amphophilic, eosinophilic, or mucin-rich cytoplasm. Solid growth and squamous differentiation can be noted. Intraluminal mucin and acute inflammatory cells, within the lumens and stroma, are always seen, imparting an appearance reminiscent of that seen in cervical microglandular hyperplasia. Tumor cells tend to show, with rare exceptions, no more than mild cytologic atypia (Figure 9a and b) . Mitotic index can be variable, although often deceptively low, and occasionally abnormal forms may be seen. This pattern can be seen pure or mixed with typical ECa (where it is often located on the surface). 28 The role of immunohistochemistry in distinguishing this tumor from cervical microglandular hyperplasia is limited due to the potential overlap in commonly used markers (ie, CEA, p63, p16, vimentin, and Ki-67). [29] [30] [31] [32] [33] PAX2 may be helpful if negative, as it would support the diagnosis of ECa. CD10 strongly positive and lack of p63 expression would also favor an ECa. As immunohistochemical stains are often non-contributory, recognition of residual endometrial glands or stroma in fragments containing tumor, as well as the lack of reserve cells and poorly formed and variably distributed intracytoplasmic vacuoles are the only features that allow a definitive diagnosis. For cases in which this distinction is not possible, a descriptive diagnosis such as 'glandular proliferation with a microglandular-like pattern' should be rendered. In addition, the report should include a comment, suggesting either procurement of additional tissue (ie, fractional curettage) or clinical correlation (ie, physical examination and imaging studies of the uterus) to reach a definitive diagnosis.
ECa with Sex Cord-like Formations and Hyalinization
This unusual type of low-grade ECa shows interconnected cords, nests, or clusters of bland epithelioid and spindled cells, which merge with a conventional component of low-grade endometrioid neoplasia. Typically in between the cords and clusters, there is abundant hyalinized to myxoid Figure 8 Endometrioid carcinoma with small non-villous papillae, small papillae project into luminal spaces of the glands (a), the papillae are composed of cells with a low nuclear:cytoplasmic ratio, and no more than mild atypia (b). stroma, which compresses the neoplastic cells and imparts a sex-cord like appearance.
Squamous differentiation (squamoid appearance) in these areas is common. In addition, if stroma is abundant, cords become stretched and not infrequently single neoplastic cells are present. Some tumors can contain osteoid within the stroma 34 ( Figure 10a-d) . Most patients present at low stage and have a favorable prognosis. 34 This variant of ECa must be distinguished from the following:
ECa with osteoid formation. Bland osteoid formation may be seen in conventional EC but lacks the corded pattern and the combination of epithelioid and spindle cells. ECa with spindle cells. This variant shows conventional endometrioid neoplasia merging with a cellular spindle cell component that lacks associated hyalinization of the stroma, a corded pattern, and squamous differentiation. Carcinosarcoma. In contrast to ECa with sex cordlike features, carcinosarcoma typically occurs in postmenopausal patients and is associated with a poor prognosis. 34 Histologically, two distinct components, which are usually high grade, are characteristic of this tumor. The components are juxtaposed but they do not merge, which is in contrast to ECa with sex-cord like formations and hyalinization. Cytokeratins and EMA are not particularly useful in separating these two entities. However, the latter typically expresses ER/PR and shows patchy positivity for p16, as well as wild-type p53 expression. In contrast, carcinosarcoma tends to have p53 overexpression, diffuse, strong positivity for p16, and much less expression of ER/PR. In addition, nuclear β-catenin expression has been reported in ECas with sex cord-like formations and hyalinization, but not in carcinosarcomas. 35, 36 Low-Grade ECa and Undifferentiated Carcinoma (Dedifferentiated Carcinoma)
This uncommon high-grade carcinoma can arise in the endometrium or ovary and is characterized by the combination of a low-grade endometrioid (FIGO 
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grade I or II) juxtaposed to an undifferentiated carcinoma ( Figure 11, left and right) . [37] [38] [39] The undifferentiated component can be seen in the primary tumor or exclusively in the metastases (which can be at unusual sites). 37 It is characterized by variably sized monotonous often non-cohesive cells with high nuclear-to-cytoplasmic ratio, dispersed chromatin, and small nucleoli with brisk mitotic activity. The cells are often arranged in sheets ( Figure 12 ) but myxoid background, abrupt squamous differentiation, trabecular growth, and spindle or rhabdoid cells may be seen (Figure  13a-d) . Prominent necrosis and conspicuous vascular/lymphatic space invasion are common. The undifferentiated component is variably positive for keratin cocktail, EMA, Cam 5.2, and keratin 18. Initially, it was found that the expression of the first three markers had a tendency to be focal and in some cases more than 1 block had to be tested. 38, 39 However, it has recently been found that 54% of undifferentiated carcinomas are positive for keratin cocktail with either a patchy or diffuse staining pattern 40 and 60% are positive for keratins 8/18. 40 Cyclin D1 can be multifocally or diffusely strongly positive, 41 p53 is typically diffusely positive, and diffuse p16 is seen in up to 50% of tumors. Chromogranin and/or synaptophysin can be focally positive (≤10% of cells) but this finding does not warrant designation as a neuroendocrine carcinoma. 42 ER/PR expression is usually low or absent. Up to 80% of the tumors are PAX-8 negative. 40 In addition, INI-1 shows retained nuclear expression, although experience is limited. 39 Undifferentiated carcinoma is often associated with loss of mismatch repair proteins (more frequently loss of MLH1/PMS2 and sometimes loss of MSH6). 39, 40, 43 The differential diagnosis includes the following:
ECa, grade III. Cells in the solid component of a highgrade ECa are overall similar to those seen in the conventional glandular component and scattered glands are often seen intermixed with the solid component. 37 Immunohistochemically, the following differences in staining facilitate the correct diagnosis: (1) epithelial markers are typically expressed diffusely in the solid component of a grade III ECa but have only variable expression in undifferentiated carcinoma; 38, 39, 40 (2) p16 and PAX8 tend to show patchy positivity in the solid component of a grade III ECa, 44, 45 whereas undifferentiated carcinoma tends to be diffusely positive for p16 and negative for PAX8; 40, 46 (3) ER/PR are more likely to be positive in a grade 3 ECa than in undifferentiated carcinoma (negative or minimally positive). 35, 39, 40, 45 Neuroendocrine carcinoma. This tumor shares certain histological features with undifferentiated carcinoma including diffuse growth pattern, high nuclear-to-cytoplasmic ratio, and brisk mitotic activity. Furthermore, both may be seen in association with a conventional endometrioid component. However, neuroendocrine carcinoma displays characteristic chromatin pattern and typically shows positivity for chromogranin, synaptophysin, NSE, and/or CD 56 in > 10% of the cells. 42 In addition, keratin expression tends to be more prominent than in undifferentiated carcinoma. Serous carcinoma. The solid growth of a serous carcinoma can mimic a dedifferentiated carcinoma; however, it is typically associated with other characteristic growth patterns (ie, glandular or papillary). The tumor cells are more cohesive and exhibit conspicuous pleomorphism. In addition, it is usually positive for keratin (diffuse) and PAX8. 44 Carcinosarcoma. Although the undifferentiated/ dedifferentiated carcinoma can be mistaken for the sarcomatous component of a carcinosarcoma, the latter rarely shows a monotonous proliferation of epithelioid cells. A confounding factor is the finding 
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of focal positivity for epithelial markers in the sarcomatous component of a carcinosarcoma. 47 Lymphoma/plasmacytoma. Rarely hematopoietic neoplasms can coexist with an ECa thus superficially mimicking a dedifferentiated carcinoma. In most instances, this does not represent a challenge, as the diagnosis can be established on morphologic grounds alone. In rare instances, hematopoietic markers, including CD45, CD3, CD20, and CD138 will facilitate the correct diagnosis. Of interest, CD138 can be positive in carcinomas, including tumors with a plasmacytoid morphology. 39 Extra-renal malignant rhabdoid tumor. Rhabdoid morphology can be seen in dedifferentiated carcinomas; however, this is typically a focal finding. In contrast, extra-renal malignant rhabdoid tumor is composed of a predominant population of cells with rhabdoid morphology. Furthermore, this tumor shows loss of INI-1 nuclear expression in contrast to retained expression in undifferentiated/dedifferentiated carcinoma. 39 Tumors with cytologic changes
ECa with Clear Cells
Cytoplasmic clearing in ECa can be secondary to the following: (1) glycogen-rich squamous component; (2) sub-or supranuclear vacuoles (secretory); (3) clear cell changes, not otherwise specified (NOS; undetermined nature); and (4) artifact. In ECas with glycogen-rich squamous differentiation, the cells are either polygonal or rounded and are typically seen with conventional areas of squamous differentiation (Figure 14a and b) . ECas with secretory change are characterized by the presence of supra and/or subnuclear glycogen vacuoles ( Figure  15a and b) . Diffuse secretory changes are commonly seen in tumors of postmenopausal patients, although they can also be seen in reproductive-age women and in patients treated with progestins. ECas can also have clear cytoplasm that do not fall into the categories described above, and these are designated as clear cell changes, NOS (Figure 16 ). Lastly, clear cells may be seen on the surface of ECa or on the edges of the tumor sections and this is most likely to be degenerative/artifactual in nature ( Figure 17) .
Overall, ECas with secretory changes are most likely to be confused with a clear cell carcinoma. The latter is diagnosed not by the presence of clear cells but by a combination of the typical architectural patterns (tubulocystic, papillary, and solid). Furthermore, cells range from cuboidal to low columnar, to polyhedral to flattened (Figure 18a-c) , which is in contrast to ECas with secretory change that are almost exclusively composed of a uniform population of columnar cells. Cytologic atypia is often more striking in clear cell carcinomas. Immunohistochemistry may be of value in this differential diagnosis. As ECa with clear cells is typically of low grade, it shows diffuse and strong ER and PR expression in contrast to clear cell carcinoma (usually negative or weakly positive). p16 is diffusely positive in 50% of clear cell carcinomas, whereas it is patchy in ECa with clear cell changes. Napsin A and p504s have been shown to be more specific in the diagnosis of clear cell carcinoma compared with HNF-1β, as the latter is frequently positive in ECas with and without clear cells (Figure 19a-c) . 35, [48] [49] [50] [51] [52] ECa with Spindle Cells and b), and they merge with the conventional low-grade glandular component of the tumor (Figure 21a and b) . Immunohistochemical stains demonstrate positive ER/PR, focal or patchy p16 expression, and wild-type p53 expression. 35 These combined features allow the distinction from carcinosarcoma, which is the most common diagnostic pitfall.
ECa with Mucinous Differentiation
ECa with extensive mucinous differentiation or pure mucinous carcinoma (according to the WHO, a tumor with 450% of the cells containing mucin) 2 ( Figure 22 ) can be mistaken, in particular in limited samples, for a cervical primary tumor, as they have overlapping histological features. On morphologic grounds, features favoring an endometrial primary include the following: (1) the presence of conventional endometrioid component; (2) more prominent mucin (except if pyloric-or gastric-type mucinous epithelium, which typically has prominent mucin); (3) the presence of atypical hyperplasia/endometrial intraepithelial neoplasia; (4) less frequent apical mitoses and apoptotic debris; and (5) lack of cervical adenocarcinoma in situ or associated squamous neoplasia. Immunohistochemistry may assist in this setting as mucinous endometrial carcinomas are usually vimentin, ER, and PR positive, and negative for CEA; endocervical adenocarcinoma typically shows the opposite profile (Figure 23a-d) . However, the following pitfalls should be kept in mind: (1) cervical adenocarcinoma can occasionally express ER and PR; (2) vimentin expression in ECas with mucinous differentiation can be absent or only focally positive; and (3) CEA can be expressed in ECas with mucinous differentiation/mucinous carcinoma. p16 is either negative, focally positive, or patchy positive in ECa, whereas diffusely and strongly positive in usual endocervical adenocarcinoma (HPV related). Detection of high-risk HPV by in situ hybridization is in keeping with a cervical origin of the tumor. 35, 53, 54 Even though these tumors have an increased incidence of positive pelvic lymph nodes, the overall survival does not differ from that of typical ECa. 8, 55 Take home messages ECa with small non-villous papillae is a low-grade ECa and can be distinguished from a serous carcinoma by lack of fibrovascular cores, its low-grade cytologic features, as well as association to adjacent conventional low-grade ECa. ECa with sex cord-like formations and hyalinization is a low-grade tumor that should not be confused with carcinosarcoma. Merging with typical endometrioid type glands and low-grade cytology contrasts with the sharp demarcation and high-grade cytology of both components in carcinosarcoma. Nuclear β-catenin expression in the spindle and corded areas may also assist in this differential diagnosis. Low-grade ECa and undifferentiated carcinoma (dedifferentiated carcinoma) should not be mistaken for an ECa FIGO grade II or III. It can be recognized, as the undifferentiated component is juxtaposed to areas of low-grade ECa, cells typically grow in sheets, are non-cohesive, and are relatively monotonous, with PAX8, ER and PR negative. It is important to recognize this type of carcinoma, as it carries a very poor prognosis and can be a marker of Lynch syndrome as well. ECa with clear cells lacks the typical architectural patterns and the variety of cells (flattened, cuboidal, and hobnail), and degree of cytologic atypia seen in clear cell carcinoma. ER, PR (positive), and Napsin A and p504S (negative) support the diagnosis of ECa with clear cells. ECa with spindle cells can be distinguished from carcinosarcoma, as the former typically shows a transition to the glandular elements of a low-grade ECa, they are low grade, and often represent part of the spectrum of squamous differentiation. The spindle cell areas are keratin and ER/PR positive, and p16 is typically patchy positive. ECa with mucinous differentiation should not be confused with a cervical adenocarcinoma. The former is often ER/PR and vimentin positive, while negative for CEA. p16 is either negative of patchy positive, as high-risk HPV is not detected by in situ hybridization.
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